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An athermal optical device and a method for producing the device, such as 
an athermal optical fiber reflective grating, are described. The athermal optical fiber 
reflective grating device comprises a negative expansion substrate, an optical fiber 
mounted on the substrate surface, and a grating defined in the optical fiber. The 
method for producing the athermal optical fiber reflective grating device comprises 
providing a negative expansion substrate, mounting an optical fiber with at least one 
reflective grating defined therein onto the substrate upper surface, and affixing the 
optical fiber to the substrate at at least two spaced-apart locations. 
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fijftfc 4 B$rafiy$i-* £ t *«£»5|-C* o fc 0 & > 1 0 0 0 t, 1 lOOt 

, 1 2 0 0 tJO «k & <£ «9<av^©JK-C{i> $£^>lil 3 0 0 tfifeoT^ £o 

7EU4, 1 3 0 0VK l/2V%ffl&&l,fzi><Dk, mCM.8tK4!$ffl&&Lfzt> 
<r>k<D$kMM&%LV>^ (JB-b'nt, - 5 0X1 0"7tk*BMi:ij5LTv»4 

/3^:li-4xi 0"VC(:j5®LTv^ o 

M&MUZ-mmM (SEM) fcj&fi&Kftiro-C, $»*7^^7 5 



(22) M2000-503967 

v 9 <r>mtgZtifc.$LW$:ft{t7k%Wfex-y k * 1 3 0 0tK4l*Mft 

» L tzV > zffr K £ t 14 „ gbhft&ajfc + ttttMfttBfft ^r^-T Jt4<ft f> 
(»i laB^iO'tllbB) , 110 0 < C^4^M^L^-9->'y;Hc 

fc^-odu ®.fr*tfhm$.\.tzn3ktf%>hii2> mi 2 am&xx/mi 2 bm) 

Si<7)±&m®-c&& t'dC^tLTv^o j&»H$&i&J&J: HlOO* fftv* l 3 0 
orwi 0 %mi&fc&^x&g i '[k-b i mnz*i&z.kK «t oT, — ^tofctt^tftS 

*i?&<TSEOSa&TN TIE<^CT E<omfeJjfaKj3^-C c ^>a^^ B a H 

fl-f, LWotacJ: 19 i> a.K&^n<7)CTE<D3i%&5-%k%:2> 0 fr< LT 

*S£l*iLL*o»/h*S*f£|&3*;&fctt % 7 6 5 tC«ofiih < 
H 1 3 0 0 t)fc 4 B#M«Oi£ -b^S y ^U^Va-^, 8 8 

k j x<DXo^mm^mM^^rf^<Dm^mmm^^MLm^mj:^k^m 
Ltzo MLf&tom&ttv&m* 1 3 2 o *ck±um> t> ji#^ev^s^-ft*>«9, 

^- ? • a.-* »; x*-f h t 9^ h (a i z t i o 5 ) z<Dm 



(23) M2000-503967 

^to-eti, 4>&< t & 1 6W<^8 0 OVfrb 1 3 0 OtiWt^ig 

* 1 3 1 OT^S fctt**Ua±fc*v>TflflP*H*&-*-* 0 B#*f»i, 'Jf^A • *9 

* - h (L i:T hO;) ^di'Jf^A-f^y'J^-f (L iiS iTi, 
0 9 ) tff^-T^o • a- * <J X^ Mi, LiiO-AhOi - 2S iO 

2 - S i 0 i*<7>tt» EH Kfl£oT*»*«*ft** 4?* < fc i> 1 

3 5 OrKiSVT^SE Cafflf24fc4fcK&£Kfe|-J\ L i A 1 5 0 8 ('J 

*l&WoP»SSIfttt, *»Wo*»Ktt^- 9 • 3- — 9 ~? 9 h 

^-Oi^^fetB^/hm^ (microcracks) c^-CgitU IK/MUS^M ti* 
IS S x * ;w ^- fc. Jfctf!) f & o 

, • o.-^ y-T^W = 1/3 (2«. + a <)J:i) 4)^(7) 




(24) mm.2 000-503967 



H2. CTer-**ft7$*Mb«L3 

(lO'VC, 20°c~ioo°c, tiam,/#m 



nso-c -mm 

1200°C-4B§^ 



88KJX 
-2.6/-2.8 
-2.8/-2.9 



88KSA 



88KXU 



88KXV 



+0.7/+3.1 

+0.6/+2.1 -4.4/-4.4 -4.7/-4.2 

1290*0-418^, 2x800'C -31.1/-31.2 — — -49.5/-51.9 
1300*0 -1/2B#R3 -4.0/-3.8 

1300°C-4^F^, 2x800*0 -43.6/-43.8 -31.6/-53.5 -62.0/-61.4 -64.5/-65.1 

1310°C-4BSF*a, 2x800'C -61.8/-62.0 — -61.8/-66.7 -63.3/-69.2 

1325*0-483^ — — -82.4/-85.5 -86.9/-91.0 

1300°C-4^P^, 2x400*0 ~ — — -52.2/-52.0 

1300*0-413119, 2x600*0 — — — -51.7/-52.2 

1300°C-4B#F«a, 2x800*0 -43.6/-43.8 — — -49.6/-49.9 

1300°C-16^f^, 2x600°C -63.9/-64.2 — — -68.1/-68.4 

1300*C-16B#Ha, 2x800*0 -- — — -64.3(iP#h) 



m 1 2 aiis^il 2 bdti, 1 1 0 0 VX* 4 &?ffl<V&Mm&<D 8 8 K J X 

(o. i %wHFt 1 vfe&mmj-mffiLm (sem) Kz&mu 

U hi B B a KM®. L ^ X L tz'$k'h%Sk o * L ^ * # 1" & 
fflgv^-f 9^ h (AhTiOs) IS^^^Ltv^o 1 1 0 0 t)-C4«FWOift 
&£4fc, CTEfiift- 3. 0 x 1 0" 7t (2 0 ~ 1 0 CC) |3li^ 
— ^ --i-^'jyH ft A lzT i 0« tOtt*WJiiJ:O f |fe-&#wJ»|R«Sfc*^ 



(25) 



^2 00 0-5 039 6 7 



MA 



mikmm a#h(6422) man, 

CTE(xlO- 7 /'C) (25"C-800°C) (25^-1000-0 
etc -176 -26 
or. +82 +118 
(tb +82 +194 
-12 +286 
-4 +95 
ffiJS(g/cc) 2.40 3.68 



mi 3 am^XX/mi 3 bUti, 1 3 0 OtTMI^i^ltOl 1 8K J X 
<o S EM8Sfti!?*SrSto mhfrKtttt&2ftfc^+&<DmWmil t to 7 
~ 1 0^mOa : ft'fXtfi1HL^S?-eMS*lTi/>4c ttz, *BSV>A 1 
>T i 0»*£iHa**&5 ~ 1 0 ^mOfi?MP0B(K-*t*#LTV»4, 1 3 0 0 *C 

t4M«It«H#|[iil) - 5 0xi o -7 (2o~ioo tJ c 

cOCTEOfiSfi, ftS-fe9 3 -7 MbfiJKfcffii&Ttfcg&O <t 3 "C* *J > 1 2 9 0 *C 
. 1 3 0 0^^^131 0 , C-C4^M^a^, ZHZil, m- 3 1 , - 4 4 
£J:U r -6 2 (Xl0"7t) t^tL^io 

Hi 4 alis^ll 4 b[II^Sft*:S EM^^Jtfi, 88KSA (1 
0il%«DA 1 2 T i Os fc-g-A/rffSftrSrfi*)^- * • -3-- ^'J^'f M frh<Di> 
<DT~& V), 1 2 0 0 'C-tM B#M<7)-tr9 5 y ^ftWt*ot't||I^A 1 2 T 

i o 5 *£ji£#o£ 3 - 5 fi m<vw.^v4 x<om&xMM%^w&<Dmymm< 

SrtLTv^o 1 2 0 0tt4^H^oT^, 8 8KSA^)»^li, R^tti 

8 K S Afcfcttafl^y-y-^ Xii, 3 ~ 5 // 

mioiffl^fif ^^fX<oJ: i t:i<6Ti^^ 0 fl|SBMj(B*»v»A hTi Os*i^(7) 

JliK £tltt-f 4 £ t t& * o 

iifW^-^-i-^'jy^^h A*7^--b7 5-^ (8 8KSA) Kte 



(26) ^2 000-5 03 96 7 

fflL&M&*&&-r2>tz*bK%Lm&iKWl.bZi(ltz 0 8 8 K J XfcJrtfKS A*«9. 
8li%<0A hTi Ch ^-^tf<7)lcJtigL-C, 8 8KXUJsJ:?/8 8 KXVfi-g- 

t&l 5 aEUJ:^ l 5 bEI*i % 10-1 5 /imOW^Xijg/ht^i 
ymMk*ffiz-iz& 8 KXU^<7>^^&*&£^-ro A 1 :T i O s fi H a a li, 8 
8 K J X (il3 aSisJ:^ 1 3 b El) O-etLfcJfc*!! LT J: «9 ^ < fr-oi 
If £>K5Wfr LTV>& 0 1 3 0 0fC4I^Nl^-b7 5 y ?1kjtkm<Olk, KXUiK 
XV«>3l#Wt, g 1 fcjjsSJVCV** J: o K% - 7 0 X 1 O'Vt (20-150 
*C) ^CTEW^o $16a@, 116 blil 6 c Ek 0 1 6 d HUi, 1 
18KJX, 88KSA, 88KXU, 8 8 KXVWS EMlf |?I^tL 
^/h*^<7)^^ia^<7)^:§ $ fcjz & %Mi) t & 2> \z. h T> 1 3 
0 0 "CT 1 6 ^W^o 2 X 6 0 0 < C<7>|^i.-9- * ;i/t-b5 3 v PltZtltz 8 8 K X 
V^*«j2 0 0 0 Psi (OMO Rffi**i-*i t £|&^TfjU Sifejgfifi W|3J D (4- 
8 kpsi) -c % c TE?>f£B{i> 1 1 8 K J XO- 5 0X1 O'Vti^ 8 8 KX 
V<7>- 7 0 x 1 0" VCJ -C-C*i)o 6 0 0 'C<7)'ft=b 19 8 0 0 "C ^fffc^-f * ^ 
-Cti, 5iJtfi 3 6 0 OPsi fcif*-*-;& 0 

#S&9ifc «fc tt^'f < * >9 . C T E fi- 

£H$}±, y ^-ftiaK*«l 0 0 0t<DJ: *> Xi>, CTEfi- 3 x 1 0 

"VttiJ, mrifccoJ:*) C ^^^<OCTEIi> • a-- 9 'J 

y^-f h #7^"b7v;^wJ:^:i 3 0 0 4 u#KJiUi<7)Bi#-t 9 5 ? 

is v>t ?)**§& i t ^-cii, c t e 7 T 9 9 - 

\u ^7? y ? mKrt&z tiz&gk<vmxnmmmm^hm%z ti& 



(27) ^2 00 0-503 96 7 

«iLtf, 8 8KJXfi, 1 3 0 0 t-C4I^Ht Jtii^ l+W'SrMt 
S^iW«jaittKJ:oT'b*:t)S*i.ft^:**AJ»R14«-^$'a:v» 0 1 3 0 0t/0 
. 5B#ffl-Cli, CTEtt{t*£ft-?£»K £*Ui#5K m^<D^<- 9 • J--? >J 

*»t*v»^?>-C** do 112a H*5 J:tf!£ 1 2 b He*? *ITV>& <fc d K % l 
1 0 0*C/4^K<7)^$!k3gm, MtS(itti:iiLT^4o 1 3 0 0*0/2 

8 8 K J X J: <9 <>4?4i/>A 1 2 T i Os 8 SKXUiSjr^S 8 K X V(±, 

1 3 0 0 t/4W(7)-b7 5 y ?iMk<D- 6 0*^ 1 3 2 5 t)/ 4 B^M^-tr^ 5 
y9i\3k<?>-% Q<r>mm<r>n.<r>CTEiM.t^h 0 mi 5 alHfc.fcO'tGn 5 bia& 
£> email 7aH*J:O f *17 b *L"Cv>4 <t 88KXU£J:tf8 

8 k xv Kte\t z&^j xtwb&®:<DMft®m.t\i, mi 3 am&xvmi 

3 bmKbVKmi 4 a 11*5 J: Xfmi 4 bBK^^*L^?HT^4KJ XisJ 

^W^MtA liT i 0,frfcM<n£i&&¥<7>]&3i&Mm.'r2>7r?9- 

Mi, 1 : 1 : 2^£>i : 1 : 3<75$£Ho@^#F«3^-c*'bM^t4T*So 
S^MXj&nb ^*L*j@^4i«/h*Soffl^ffiiKI* < ^s6i-*o 8 8K 

jx (1:1:2. 5) K&it&m&m^-vj xte, 1 3 0 ox^/Anm^M 




• 



(28) 1t*2 0 0 0- 5 0 3 9 6 7 

jgJ&OijD&fc^H Z. t% <%L*4t-( X*i%J:mt2>m<0-%mt. 8 8 KXUJ3 

ioT^M^^ffiMtii t ^< LT, 1 3 0 0 , C/4B#M<7>-tr9 

5 y MbK <£oT, - 6515X1 0~ VtJOttHo^rSoCT E o 
8 8 KXUfei tf8 8 KXVtli, 6 0 0 - 8 0 Ot^t-f * ^H:J:&Mt 

^4 isJ: 0^5 fi, -fev 5 y MkL, Wfo U 8 0 0 t? "C 4 HI <t> jjfe-y- * 
;H^<7) 8 8 K J XCWtJ C T E£ <fc t>'Wf'J ->^. (Pf™) ^nK'^Jo 

i4 . 1300°C/4NfW, &1M*Mx800 o C, JttY*>*T?**M Lfe88KJX©CTET*-i' 



ccmra> 


nxT°C 


H z O 


CTE(25-100°C) 

mm/ism 


fcX?y5*(ppn) 


1300°C/4 






-45.0/-46.2 


+7 


1300°C/4 






-46.1/-46.6 


+4 


1300'C/4 






-45.9/-45.7 


+2 


1300*C/4 






-48.3/-50.0 


+ 14 








-46. 3+1. 4/-47. 1+2.0 




1300 4 C/4 


4x800-C 




-48.6/-46.6 


-11 


1300'C/4 


4x800°C 




-48.4/-47.0 


-7 


1300°C/4 


4x800*C 




-49.9/-49.7 


-1 


1300 °C/4 


4x800'C 




-50.1/-50.2 


+ 1 








-49.3+0. 9/-48. 4+1. 8 




1300'C/4 




2h 


-43.8/-56.9 


+98 


1300°C/4 




4h 


-47.7/-60.7 


+97 


1300'C/4 




8h 


-40.2/-58.3 


+136 


1300°C/4 




20h 


-40.7/-64.3 


+177 



. (29) $3*2 000-50396 7 

315 . 88KJXOCTEti3^%7k^i:400 o C~800 o C©|^f^*t<D«i^^am 





H*0 


t49% 


CTE(25-100°C) 








nxTC 
















1300°C/4 


2h 


lx800°C 


-48.8/49.0 


+1 


loUU w4 


4n 


IXoUU L> 


-00. i/-o<5. o 


FT 

-7 


1300'C/4 


8h 


lx800°C 


-47.4/-49.1 


+13 


1300°C/4 


20h 


lx800°C 


-50.9/-53.1 


+17 


1300°C/4 


4h 


lx400°C 


-55.0/-57.0 


+15 


1300"C/4 


4h 


lx400°C 


-51.7/-55.0 


+24 


1300°C/4 


4b 


lx400°C 


-55.8/-57.3 


+12 


1300°C/4 


4h 


lx400°C 


-54.7/-57.1 


+ 18 








-54. 7+1. 8/-56. 6+1.1 




1300°C/4 


4b 


2x400°C 


-54.0/-55.6 


+12 


1300°C/4 


4h 


2x400°C 


-52.7/-54.6 


+14 


130CC/4 


4b 


2x400°C 


-54.2/-56.2 


+15 


1300°C/4 


4b 


2x400°C 


-54.4/-56.1 


+13 



-53.8+0.8/-55.6+0.7 



(AhTiOs) fcm#14£I»I6Rl£*:#-*-S# <<0*§£fli«>*<*>2 

£ «fc Pjgft&lgjttftSU «i Ca.^it/ac) Sitfa, <a«) l±> g 3 S 

*VC^* «fc ? - 4 . 0X1 0"7t ( 2 5 ~ 8 0 0 t?) LvMfr^O^F**! 



(30) ^2 00 0-5 0396 7 

fl2,CTE<Dn&li, Mma< = - 17 6X1 0" 7 tmChflX^ Z> 
? ^CA*7^ • -t5 5 -^^^ ^i^^t, f^flft^ 

t^4c, i^^otfstis-ei^^iin^f'j^^^Uo ^< ut> ct 
<Dth, i&WL2iix\,*%^mfti&t)K£ y) , i o oti tzte*ti&±<D £i%<& 

<fc i^v>SJt-C?>#kSXfi4'?> t 'J ->x£iglt& <fc iC, 600-800*0 

^&R$|5^&T~&& fc&frftTV^o ASTM (*Ht*!gi • *mt&£?) C6 2 
3-9 2Ktt, #7*j3«i: XfifyT, • -fe^? ? ^<^>-^i££^fcitRt&KJ:o 

#7X--t75-^ 0-9- > (120x25x3™, Wg^r*) 'J * 7 

^^*p.i £ At x. 7t « s <^¥*&PII14 £ a & n so jg-r & c t -c £ £ <> 

? ^ tfbfe J: 0 s / i ^ (ill t ^ f "J *s7sh LX^Lii&tXr 1 ) ->*£0fc£-f £ 
£6»i* 8 8 K J X^iVKX V^iOf*SSE* J: a'^-f * 




^312 000-503 96 7 















25"C 


ioo°c 


88KJX 




12.9 








16.7 






1300 o C/4B$Hg 


7.0 


6.9 




1300*C/4B#P^, lx800«C 


8.1 


7.9 




1300°C/4KfP^, 4x800°C 


8.4 


8.3 


88KXV 


1000*C/4Bf fig 


15.8 


15.5 




1150°C/4l$Rg 


16.3 


16.0 




1300'C/4^^ 


5.1 


5.1 




1300'C/4B$5g, 2x600°C 


5.3 


5.2 




1300°C/4B#Pf3, 2x800*C 


5.9 


5.8 




1300*C/16l^f^, 2x600°C 


4.0 


3.9 



- 1 0 0Vfrh+ 2 0 0 T^KM&.C TEfflOa^Brt^^iljMItti. 

-To CTEimt, 1 2 9 0*0, 13 0 Ot^i^l 3 1 0 *C K&^X 4 B#KO-b 
^yMfcf£> Zfr^tl- 4 4 . 5, -52. 4 H-64. 2X10"7tl: 

v j. - )Vco mt K<fcoTCTEfii£^;b« lEffil & SJtffrJfP fi * & S 
o f^-t75 -y^-fkSJg^ 1 3 1 0VX 19 i^<t£fi!)(Dl**lig^^ii: 
, A 1 2 T i 0,<D)\<?-)\'b 37 v/A^»J:*tfe fc£#v>fc 
o J: «9*fc^HOC T E£*#& B«JO^*»cii, 1 3 0 0tt(?)IIM*g<tl. 

KXV* 1 3 0 0 tTl 6BlW-fe7^ ? MbLfc^ 8 0 0 2 EJO&^-f 



^ A'Sr^fri - * CTEfi-4 0 < Ct>£>+ 8 5 tlllot- 6 7 ±2 X 1 0~ 7 



15312 00 0-5 03 96 7 



/^OffiHKifcort: (^19H1) o Ztl-t) i *$kW<Dlk!-* L^tfJX • -fe7^ V i? 



(100® m&tASbbtltz) 



88KXV 



88KXU 



88KJX 



C* 1300/4 — — 3,900 

1130+ 1300/4 — — 4,400 

1130 1300/4 — 2x800 8,100 

1130 1300/4 4 2x800 7,500 

1130 1300/4 20 2x800 8,600 

1130 1300/16 — 2x600 2,000 

1146 1300/4 — — 3,700 

1146 1300/4 20 — 5,700 

C 1300/4 — - 6,400 

1140 1300/4 — -- 4,000 
C 1300/4 — — 5,800 

1141 1300/4 — — 4,500 
1141 1300/4 — 2x800 5,300 
1141 1300/4 4 2x800 5,300 
1141 1300/4 20 2x800 5,800 
1141 1300/16 -- 2x600 2,400 
1141 1300/16 — 2x800 3,600 
1141 1320/4 — 2x800 2,800 
1141 1320/16 — 2x800 2,900 



J&tHis 1 3 0 0r-C4P$WO*fca!*fcfo4 ~ 6 kpsi£;^ L£<> y? frW 8 0 0 
W2-U<oW&>( * 5 ~8l<Psifcif*:Ljfco 88KJXt 



(33) ^2 00 0-503 96 7 

>7>WJ, J: !>fcv»l^JU (^jskpsi) £JR^Lfc 0 8 8KJXt>^JHi, 
i "5 ffl^8f» ft i 8 8 K X V J: H ^i' 1 1'^^ (ft 8 k Psi) £IR»9g?L 
tz 0 1 3 0 0*C-eJ: »)fiv> 1 6l*M-fe9 5 ?Mfc*fT«:d 6 0 0 'COf^-i' 
^WI^oT^ M0R(i2 - 3kpsit^L<ffiTL/v:o 8 0 0 2 gloffc 
^;u*ff*^ t> 5£J£fi3 . 5-4. OkpslKiatgLfco 1 3 0 0*0/16 
»Mt-fe7 5 ? MtS *U i>o8 0 0 £-C2 H^KMM *fl/*3&»tfc 8 8 K X V 
»i, CTE* S - 40t^^+85t:(:ioT-67±2Xl O'VC^lC^ 

t&K. cTE«>*i<&«5&«J#:*Lrt: 0 t^xus/* it-^^ti 

fc^>-7*;Wi8 0 0t<7)it^? ^&§ttfco 8 0 0 "COSMM ? CTE 
mts* IFM 0 R lit *tif % *> % V>4B^ fc « tSIWI tCio/:, 

*ISW<^*So2f«tt, &«<*>3I*£ 2 -f >"r (5 0. 8rmi) «S$»:IoT 
10 0// mWT^-f-^^jl^-tr^ 5 -7 ^iU^ya-JH:J:c.T, H^f'J 
^^B^^is-C^ - 4 0 0^+ 85ti:IoT-67±2xl 0"7tO 
CTE^tL, j&»o#fc4?fc< H 2 0 0 0 B#M?>&i§Jg£:ft (8 5t/fflMS 
1185%) •C«/ho^J-ifefi9^j61ftS:^rl-*o 

1 3 0 0*C • 4B$Hflifo£0-b9 5 v Mt?£<£>^-? • >J T*?^ h #9 

^••b7^ -7 ^S«OlK/h*S<^jjBttjffl#tt0^cSS'fkfi, 7 0 0 - 8 0 0 X? £ t<7) 
fij£fc;*3»tSCTE txr 6 0 0 - 8 0 0V?l®itz 

{±2 ^ )V*$tft-rz> d t i:J:otIttHo 

Jil±> Lv^«6oB3i^ov»TSiWLT§fc**, SH*OBI*0*E 



(36) 



^2 00 0-5 03 96 7 
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